Background-Indian Asians in the United Kingdom have increased coronary heart disease (CHD) mortality compared with European whites, but the causes are not well understood. Increased circulating concentrations of C-reactive protein (CRP) are an independent risk factor for CHD. Therefore, we investigated this marker of inflammation in healthy UK Indian Asian and European white men. Methods and Results-We measured serum CRP concentrations and conventional CHD risk factors in 1025 healthy male subjects (518 Indian Asians and 507 European whites) aged 35 to 60 years who were recruited at random from general practitioner lists. The geometric mean CRP concentration was 17% higher (95% confidence interval, 3% to 33%) in Indian Asians compared with European whites. CRP values were strongly associated with conventional CHD risk factors, measures of obesity, and metabolic disturbances associated with insulin resistance in both racial groups. The difference in CRP concentrations between Indian Asians and European whites remained after adjustment for conventional CHD risk factors but was eliminated by an adjustment for central obesity and insulin resistance score in Asians. On the basis of these results, we estimate that the processes underlying elevated CRP and/or increased CRP production itself are associated with an Ϸ14% increase in population CHD risk among Indian Asians compared with European whites. 
C oronary heart disease (CHD) mortality is at least 40% higher in UK Indian Asians compared with European whites. 1, 2 Conventional coronary risk factors, including smoking, hypercholesterolemia, and hypertension, do not explain their increased CHD risk compared with whites. 3, 4 Although diabetes and insulin resistance are more prevalent among Indian Asians, 4 ,5 the precise mechanisms underlying the increased CHD mortality in Indian Asians are not known.
Inflammation is now widely recognized as a central feature of atherogenesis, and it plays a particularly critical role in the destabilization of the fibrous cap, predisposing to the plaque rupture that triggers most episodes of coronary thrombosis. 6 C-reactive protein (CRP), the classic acute-phase reactant, is an extremely sensitive systemic marker of inflammation; increased concentrations of CRP have been shown in both clinical and epidemiological studies to be associated with atherothrombotic events. In outpatients with stable or unstable angina, 7, 8 inpatients with severe unstable angina, 9 and healthy asymptomatic individuals in the general population, 10 -13 even modestly raised CRP values, within what has hitherto been considered the normal range, are significantly associated with a future risk of myocardial infarction. Thus, among initially healthy subjects whose CRP values are in the upper tertile of the distribution (Ͼ2.4 mg/L), the future risk of myocardial infarction is about double that of individuals in the lower tertile. 14 Although CRP concentrations are positively correlated with important conventional CHD risk factors such as body mass index and smoking 15 and with other markers of inflammation, 16 they remain significantly predictive of out-come, even after adjustment for these and all other known confounders.
The purposes of the present study were (1) to test the hypothesis that CRP concentrations are elevated in UK Indian Asians and are associated with their increased CHD risk compared with European whites and (2) to examine the determinants of elevated CRP in the 2 racial groups, who have different coronary risk factor profiles.
Methods

Subjects
The study design has been described in detail previously. 17 In brief, we investigated 1025 healthy male subjects (518 Indian Asians and 507 European whites), aged 35 to 60 years, who were identified at random from the age-sex registers of 56 local general practitioners. Subjects were contacted by post, and Ͼ50% agreed to take part. 17 Indian Asians were classified as those who had all 4 grandparents of North Indian descent; they had resided in the UK for 27Ϯ8 years. European whites were born in the UK. There was little evidence of selection bias in recruitment; specifically, responders and nonresponders had similar ages, body mass indexes, blood pressures, and prevalence of diabetes. Cigarette smoking was more common among nonresponders than responders among Europeans (40% versus 28% respectively, Pϭ0.02) but not Asians. Exclusion criteria included previous myocardial infarction, unstable angina, or coronary revascularization; cardiomyopathy, systemic illness, and serious organ disease; and the presence of pathological Q waves on the ECG. CHD cases recruited as part of the original study 17 were not included in the present analysis because CRP levels change with disease stage and patients were studied at varying time points after diagnosis. The study was approved by the local Ethics Committee, and all participants gave written, informed consent.
Methods
Clinical history, including hypertension, diabetes, habitual smoking, alcohol intake, occupation, and drug therapy, were recorded for all subjects. Three blood pressure readings were taken using a mercury sphygmomanometer with the subject seated for 10 minutes, and the mean was calculated. Anthropometric measurements (height, weight, waist-hip ratio) and ECG were recorded by standardized protocols. Serum samples for estimation of CRP, glucose, total cholesterol, HDL cholesterol, and triglycerides were taken in the morning after an overnight fast. CRP was measured by automated microparticleenhanced turbidometric immunoassay run on COBAS MIRA (Roche Diagnostics GMbH). 18 Lipid profiles were determined using an Olympus AU800 multichannel analyzer.
Data Processing and Statistical Analysis
A logarithmic transformation of CRP concentrations was used to reduce the positive skewness of the distribution, and geometric means are therefore presented; approximate SDs are derived from the variance transformation formula. Linear regression was used to estimate the percentage difference in CRP between Indian Asians and European whites, with log CRP as the dependent variable, and adjusting for other explanatory variables. An insulin resistance score was used to provide a summary measure of the insulin resistance syndrome, 19 and it was calculated from SD (z) scores as follows: [z(waist-hip girth ratio)Ϫ z(HDL cholesterol)ϩz(fasting glucose)ϩz(fasting triglycerides)ϩz(systolic blood pressure)]. The quantitative relationship between CRP and risk of CHD, independent of conventional CHD risk factors, was calculated by regression of log relative risk against mean log CRP, for the upper and lower tertiles of CRP, using the results of the most recent meta-analysis of prospective studies. 14 To estimate the increase in CHD risk among Indian Asians associated with elevated CRP, the derived result was applied to the difference in log CRP concentrations between Asians and Europeans.
Results
Clinical and Biochemical Characteristics of Subjects
The characteristics of the subjects are summarized in Table 1 . Indian Asians had a higher prevalence of hypertension and diabetes and a lower prevalence of cigarette smoking and nonmanual occupation. Waist-hip girth ratio, blood pressure, fasting glucose, triglycerides, and insulin resistance score were higher and HDL cholesterol was lower in Indian Asians compared with European whites.
CRP Concentrations in Indian Asians and European Whites
CRP concentrations were higher in Indian Asians than in European whites (Table 1 ). In both racial groups, CRP concentrations were positively associated with age, cigarette smoking, body mass index, waist-hip ratio, blood pressure, glucose, triglycerides, and insulin resistance score and inversely correlated with HDL cholesterol (Tables 2 and 3 and Figure) . CRP was most strongly associated with body mass index, waist-hip girth ratio, and insulin resistance score in Indian Asians and Europeans. Values are meanϮSD or n (%). BP indicates blood pressure; ex-smoker, at least 6 months cessation. Hypertension was defined as a physician diagnosis of hypertension or blood pressure Ͼ160/90 mm Hg; diabetes, physician diagnosis of diabetes or fasting plasma glucose Ͼ7.0 mmol/L; and hyperlipidemia, physician diagnosis of hyperlipidemia or serum total cholesterol Ͼ5.2 mmol/L. Insulin resistance score was calculated as the sum of z scores for systolic blood pressure, fasting glucose, waist-hip girth ratio, HDL cholesterol, and fasting triglycerides.
*Log transformation used in analysis: geometric meanϮapproximate SD reported.
Difference in CRP Concentrations Between Indian Asians and Europeans
Age-adjusted CRP concentrations were 17% (95% confidence interval, 3% to 33%) higher in Indian Asians than in European whites. The increase in CRP concentrations among Asians compared with Europeans remained statistically significant after adjustment for age, cigarette smoking, and body mass index (Table 3 ) and other conventional CHD risk factors (Table 4) . However, the difference in CRP concentrations between the racial groups was abolished by adjustment for waist-hip ratio or insulin resistance score (Tables 3  and 4) .
On the basis of the results of a meta-analysis of previous prospective studies, 13, 14 we estimate that raised CRP values, or the processes responsible for these, may be associated with an Ϸ14% increase in population CHD risk in Indian Asians compared with Europeans. Hence, of the reported 40% excess risk of CHD in Asians compared with Europeans, about two-fifths (that is, log1.14/1og1.40) may be attributable to elevated CRP. However, this figure cannot be considered exact, because there is imprecision in each of the components of the calculation.
Discussion
Prospective studies in European and North American populations demonstrate that increased CRP concentrations significantly predict the risk of myocardial infarction. [7] [8] [9] [10] [11] [12] However, CRP values have not previously been investigated in Indian Asians, in whom CHD mortality is Ϸ40% higher than among European whites.
In this study, we found that among healthy male subjects from the general population, CRP concentrations were significantly higher in Indian Asians than in European whites. On the basis of the reported relationship between CRP and risk of CHD, 14 we estimate that increased CRP concentrations and/or the processes underlying elevated CRP are associated with an Ϸ14% increase in population CHD risk among Indian Asians compared with European whites. The magnitude of this effect on CHD risk is equivalent to a rise in diastolic blood pressure of 5 mm Hg 20 or an increase in total cholesterol of 0.5 mmol/L. 21 Therefore, our results suggest that inflammation or enhanced cytokine production and/or their acute phase consequences may contribute significantly to the increased CHD mortality in Indian Asians.
We examined the reasons underlying the difference in CRP concentrations between the 2 racial groups. We found that CRP concentrations were associated with conventional coronary risk factors in both racial groups, confirming previous findings in European and US studies 11, 15 and extending them to Indian Asians. However, the difference in CRP concentrations between Indian Asians and European whites was not reduced by adjustment for conventional CHD risk factors. Instead, elevated CRP concentrations in Indian Asians were accounted for by their greater central obesity compared with Europeans. The association between central adiposity and increased CRP has been noted before in white subjects. 19, [22] [23] [24] Experimental studies suggest that abdominal adipose tissue is a major source of cytokines, including IL-6, which is an important determinant of hepatic CRP synthesis. 19, 25 The central obesity identified in Indian Asians 3 may therefore contribute to increased CHD risk in Indian Asians through inflammatory mechanisms. The precise reasons underlying increased central obesity among Indian Asians compared with European whites are not known. Observations that abdominal obesity is increased in the first-degree relatives of Indian Asian CHD patients raise the possibility that central obesity may be determined by major genetic factors in this racial group. 26 This is consistent with recent evidence suggesting that CRP concentrations may be influenced by genetic factors, although the molecular basis remains to be identified. 27 Population studies show that diabetes, insulin resistance, and related metabolic abnormalities are more common among Indian Asians than European whites, and they may account for up to 70% of major Q-wave ECG abnormalities in Asians. 4, 5 In the present study, CRP concentrations were also closely associated with levels of HDL cholesterol, triglycerides, glucose, blood pressure, and a composite insulin resistance score in both racial groups. Similar findings have been reported in North American and European populations, which have additionally shown that CRP concentrations and other inflammatory markers, including white cell count and fibrinogen, are strongly associated with plasma insulin and insulinmediated glucose uptake. [22] [23] [24] Although insulin sensitivity was not formally assessed in our subjects, these observations suggest that inflammatory activity is increased among Indian All analyses were age-adjusted. Additional adjustments were made as follows: hypertension, physician diagnosis of hypertension or blood pressure Ͼ160/90 mm Hg; diabetes, physician diagnosis of diabetes or fasting plasma glucose Ͼ7.0 mmol/L; hyperlipidemia, physician diagnosis of hyperlipidemia or serum total cholesterol Ͼ5.2 mmol/L; smoking, current or previous cigarette smoking; conventional CHD risk factors, all of the above variables; social class, manual vs non-manual occupation; and insulin resistance score, sum of z scores for systolic blood pressure, fasting glucose, waist-hip girth ratio, HDL cholesterol, and fasting triglycerides.
Asian and European white subjects with the insulin resistance syndrome and raise the possibility that inflammatory mechanisms may contribute to the increased risk of CHD among insulin-resistant Indian Asians.
In this study, we investigated CRP concentrations in a representative sample of Indian Asian and European white men living in West London, UK. We found that CRP levels were elevated in Indian Asians and were closely associated with increased central adiposity and markers of insulin resistance in Asians compared with Europeans. Because central adiposity and a high prevalence of insulin resistance are characteristics shared by Indian Asians overseas, 3, 28 urban Indian Asians in India, 29 and Indian Asian women, 3 our findings of elevated CRP among Indian Asian men in West London are likely to be generalizable to other Indian Asian populations. However, additional studies will be needed to confirm this hypothesis. Our cross-sectional study design also does not allow us to confirm that inflammatory mechanisms contribute to the development of atherosclerosis among Indian Asians as in predominantly white populations. A prospective study of CRP and risk of CHD among Indian Asians will be needed to evaluate this possibility.
It is not known whether the increased CRP values associated with CHD reflect the extent and inflammatory activity of atherosclerotic lesions themselves or inflammation elsewhere in the body or both. This question, in turn, focuses attention on the possibility that CRP itself might contribute to atherothrombosis. CRP selectively binds to LDL, especially the modified LDL found within atherosclerotic plaques, 30 and CRP is present almost universally in the plaques, 31 colocalized with both modified LDL and activated complement. 30 The binding of CRP to ligands, including modified LDL, activates complement and could be pro-inflammatory and contribute to atherogenesis. 30 CRP can certainly enhance ischemic tissue damage by a complement dependent mechanism. 32 CRP is also reported to increase macrophage production of tissue factor, 33 the coagulation initiator that is clearly implicated in occlusive thrombotic events. 34 It is of interest that statins lower CRP values and cholesterol, 35 raising the possibility that some of their protective effects may be mediated through the suppression of inflammation and/or the cytokine cascade.
In conclusion, we have shown that CRP concentrations are higher in Indian Asians compared with European whites and are predominantly explained by the greater central obesity in Indian Asians. Inflammatory and/or cytokine mechanisms may be implicated in the increased CHD risk among Indian Asians.
